The present study evaluated soil moisture (θ) in forage cactus plantations under resilience practices such as irrigation, mulching and intercropping with sorghum. The experiment was arranged in a randomized block design with five water availability conditions (0, 8.75, 17.5, 26.25 and 35% of the reference evapotranspiration), and three planting systems: forage cactus exclusive system (PE), forage cactus with mulch (PC) and intercropping between forage cactus and sorghum (PS). Water content was measured until a depth of 0.60 m. Meteorological data were recorded between June 2012 and June 2013. Water content was not affected by different resilience practices and the variation coefficient was low to medium (4.0 to 22.1%). The temporal variation of soil moisture was more affected by the changes in rainfall, while the physical properties (soil density, porosity and grain size) were decisive in the vertical variation. It was concluded that periods with rainfall events favor the alternation of practices to improve forage cactus resilience (irrigation, mulch and intercropping).
Introduction
Soil moisture (θ) is an essential factor for the biophysical and hydrological processes that sustain the functions of the ecosystems, especially in arid and semi-arid regions, and there is strong correlation between yield and water availability (Yang et al., 2014) .
Water content is a variable that has large spatial-temporal variability (Silva et al., 2015b) because, besides depending on meteorological elements, it is related to factors of vegetation, topography, soil texture and depth, and type of cover (Lei et al., 2011) . The different management practices can also modify the water dynamics in the soil (Jost et al., 2012; Yang et al., 2014) .
In the Brazilian semi-arid region, the high spatial-temporal variability of the water regime and, consequently, of water content, limits the large-scale agricultural production. Thus, the installation of forage cactus plantations is strategic for animal diet supplementation in the most critical period of the year (Silva et al., 2015a) .
Although forage cactus is adapted to environments with high water restriction, the use of resilience improvement practices can maximize its yield. The use of irrigation in plantations of this species has been recorded in the last two decades (Queiroz et al., 2015) . On the other hand, the adoption of mulching, despite being important in the production systems of various agricultural crops (Kumar & Dey, 2011), has not yet been reported for this plant. Intercropping of forage cactus with other crops is more common, but under rainfed conditions (Silva et al., 2013) .
The knowledge on water content variability allows to improve the conduction of the agricultural crops and use of water resources (Silva et al., 2015a) . Therefore, this study aimed to evaluate water content variation in forage cactus plantations under resilience practices in the Brazilian semi-arid region.
Material and Methods
The experiment was carried out at the Experimental Station of the Agronomic Institute of Pernambuco (7º 56' 20'' S; 38º 17' 31'' W; 498 m), in Serra Talhada-PE, Brazil. The climate is semi-arid, with mean annual rainfall of 657 mm and mean reference evapotranspiration of 2232 mm year -1 , according to a provisional series of 16 years (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) of the Pernambuco Agency for Water and Climate (www.apac.pe.gov.br).
The soil in the studied area is Red Yellow Argisol (EMBRAPA, 2013), with the following mean physical characteristics, obtained for every 0.10 m until the depth of 0.60 m according to the methodology of EMBRAPA (1997): 1.5 kg dm -3 (soil density), 2.6 kg dm -3 (particle density), 40.8% (total porosity), 662.8 g kg -1 (total sand), 273.4 g kg -1 (silt) and 63.8 g kg -1 (clay). The forage cactus 'Orelha de Elefante Mexicana' (Opuntia stricta (haw.) Haw.) was planted in March 2011 at spacing of 1.6 x 0.4 m, grown in an exclusive cultivation system under rainfed conditions until May 2012, when the standardizing cut was performed, maintaining only the basal cladodes. The second production cycle started in June 2012 and ended in June 2013 (380 days), of the present study.
In this last cycle, the practices of irrigation, mulching and intercropping were adopted, arranged in randomized blocks, 5 x 3 factorial scheme and split plots, with four replicates, in which the plots consisted of five water availability conditions (0; 8.75; 17.5; 26.25 and 35% of reference evapotranspirationETo), and the subplots consisted of three cultivation conditions: forage cactus in exclusive system (PE); forage cactus in exclusive system with mulch (PC); and intercropping between forage cactus and sorghum (PS).
The five water availability levels based on the ETo fractions were established using the data of crop coefficient found by Consoli et al. (2013) for the forage cactus Opuntia ficus-indica L. (Mill.), 10 years old, in Sicily, Italy.
Mulching was implemented at the end of August 2012, when the subplots received the equivalent to 8.2 t ha -1 of residues from weeds existing in the surroundings of the experimental area, where narrow-leaf plants prevailed. There was no replacement of the mulch over time.
The system intercropped with sorghum (cv. 'IPA 2501') started at the beginning of November 2012, and the crop was sown in single row at depth of 0.05 m, 0.25 m away from the forage cactus, using fifteen seeds per linear meter, which resulted in a planting density of 170,000 plants ha -1 . Sorghum was conducted for two production cycles (plant and regrowth), the first one harvested in February 2013 and the second one in June 2013, totaling 246 days, within the 380 days of the forage cactus cycle.
A drip irrigation system was used, with drippers spaced at 0.40 m, flow rate of 1.35 L h -1 at pressure of 100 kPa and mean coefficient of distribution of 93%. In the intercropping, the drip tape was placed between the rows of forage cactus and sorghum.
The irrigation depths were identical in the three cultivation systems (PE, PC and PS) until the end of November 2012 (583 mm) (Table 1) The meteorological variables (global solar radiation, MJ m -2 d -1 ; air temperature, o C; relative air humidity, %; atmospheric pressure, hPa; and wind speed at height of 10 meters, m s -1 ) were obtained from an automatic station of the National Institute of Meteorology (www.inmet.gov.br) for the calculation of the reference evapotranspiration (Allen et al., 1998) . Pluviometric precipitation (mm), in turn, was obtained from a pluviometric station of the Pernambuco Agency for Water and Climate (www.apac.pe.gov.br).
Soil moisture (θ) was monitored using access tubes and a capacitive probe (model Diviner@2000 Sentek Pty Ltda., Australia) locally calibrated, as described by Araújo Primo et al. (2015) . One access tube was installed in each subplot. The readings were taken at intervals of two days from June 6, 2012 to June 19, 2013, with measurement of the relative frequency December 5, 2012 and June 19, 2013 (interval with the application of all treatments), for the analysis of the seasonal variation of θ and its association with the other factors in action (irrigation depth, cultivation system, depth).
Mean, standard deviation and coefficient of variation relative to the soil moisture data were calculated for the different irrigation depths, cultivation systems, depths and periods. The variability of θ was evaluated by the coefficient of variation (CV) with the limits defined by Warrick & Nielsen (1980) : low (CV < 12%); intermediate (12% < CV < 60%) and high (CV > 60%).
The Lilliefors normality test was used and, subsequently, analysis of variance was performed (F test, α = 0.05) to evaluate the effects of the factors irrigation, cultivation system, depths and periods, and their respective double, triple or quadruple interactions on soil moisture. When the factor period was incorporated in the analysis, the ANOVA was applied, with measurement repeated over time. Fisher's LSD (least significant difference) test of means was used when necessary (α = 0.05).
Regressions were established between the mean θ data and soil physical properties per depth. Pearson's linear correlation matrix was adopted between θ data and the mean or cumulative values of the meteorological variables and of the irrigation depths between the θ reading intervals.
Results and Discussion
During the period of simultaneous application of the three resilience practices (Dec 05, 2012 to Jun 19, 2013 , the irrigation depths did not affect the magnitude of θ (p > 0.05), although the increase in water availability reduced its variability (Table 2) .
Likewise, the adoption of mulching or intercropping with sorghum did not affect θ, in relation to the conventional system of exclusive cultivation of forage cactus, showing intermediate CV (Table 2) . However, the mulch decreased the variability of soil moisture (15.7%) and the forage cactus-sorghum intercropping resulted in higher CV (22.1%).
Mulching decreased the evaporation rate and, consequently, the variation of soil moisture (Kumar & Dey, 2011) . About low variability of θ, Fu et al. (2012) cite that the production stability of agricultural crops can be favored.
On the other hand, the higher variability in the forage cactus-sorghum intercropping can be justified by the water dynamics promoted by the presence of the root systems of two crops in the superficial soil layers, which intensified the water transfer to the atmosphere, especially when water is replaced more frequently.
Because of that, the most superficial layers of the soil showed the highest values of CV for θ, gradually decreasing as depth increased (Table 2) . However, this result depends on the adopted resilience practice and on soil physical characteristics.
There was only effect of the factor period and its interactions with irrigation depth, cultivation system and depth on θ (p > 0.05) (Table 2), due to the seasonality of water entry in the forage cactus cultivation areas (Table 1) .
The period 4 showed the highest θ and low CV (Table 2) , due to the rainfall events occurred in January 2013 (Table 1 ). In the periods 1 and 11, soil moisture also was high, but with CV ranging from low to intermediate; the first one occurred after December 2012, when the irrigation depths were applied, and the second one in April 2013, when the pluviometric levels were also higher.
The CV for the different factors evaluated (irrigation depth, cultivation system, depth and period), in general, was characterized as low to intermediate, indicating that in the period of highest occurrence of rainfall the alternation of resilience practices in forage cactus plantations does not modify soil moisture dynamics.
Despite the lack of difference of θ between the depths in the period of simultaneous occurrence of the resilience practices, there were peculiarities in the magnitude and in the CV over time, depending on soil depth ( Figure 1A) .
In the first days after the beginning of the cycle, when the water entry was still reduced, θ was low (< 0.10 m 3 m -3 ). Thus, with the application of a higher irrigation depth (66 mm) and Table 2 . Mean soil moisture and significance levels per factor (irrigation depth, cultivation system, depth and period of the cycle) and their interactions in forage cactus plantations under resilience improvement practices, in Serra Talhada-PE 
Irrigation depths (0, 8.75, 17.5, 26.25 and 35% ETo) ; Cultivation systems (PE -Exclusive system; PC -With mulching; PS -Forage cactus-sorghum intercropping); μ -Mean, SD -Standard deviation; CV -Coefficient of variation; n -Number of observations; *Separation of the means by the Fisher's LSD (least significant difference) test (α = 0.05); **Significance level by the F test (α = 0.05) the persistence of various events over time, the θ increased at all depths, remaining between 0.15 to 0.25 m 3 m -3 until the moment of the differentiation of the irrigation depths (December 5, 2012) .
From this date on and although the different irrigation regimes were conducted, the number of events was reduced because of the occurrence of various rainy days. Consequently, θ was more conditioned by the rainfall. The highest θ values occurred immediately after the most intense events of irrigation or precipitation, or during the days with successive rainfall events. At the end of the cycle, with the reduction in precipitation and suspension of irrigation, θ decreased until the harvest of the forage cactus (June 19, 2013) .
According to Figure 1B , it is noticed that, in the period without differentiation of irrigation depths but with highest occurrence of irrigation events, immediately after the application of the first most intense event (66 mm), the CV of the first layer increased rapidly. From this moment on, the CV was lower in the more superficial layers and tended to increase with depth, reaching values above 20%.
With the use of mulch, there was a reduction of CV at all depths until the beginning of the differentiation of the irrigation depths. However, in the first days after this last moment, when the rainfall events were still only a few, the CV increased in the first layer. This repeated at the end of the cycle with the suspension of irrigation and occurrence of few rainfall events ( Figure 1B ). Between these two moments, when the days with rainfalls were more common, the CV was lower in the first layers and higher in the deeper layers, but its magnitudes were more similar compared with the other periods of the cycle.
The significant correlation between the θ values of the soil profile under the different resilience practices (irrigation depths, mulch and intercropping) (Table 3) indicates high uniformity of the spatial distribution of θ in the period from December 5, 2012 to June 19, 2013, regardless of the different irrigation depths. This fact can be explained by the reduced number of irrigation events in this period, when rainy days prevailed. Thus, the correlation coefficients between θ and pluviometric precipitation, and between θ and pluviometric precipitation plus irrigation were very similar, showing the small effect of irrigation with the intensification of the rainfalls.
The contribution of the other meteorological variables to the temporal variation of θ was evidenced only by the relative air humidity and wind speed, which condition the water vapor pressure deficit in the atmosphere (VPD). However, although significant, the magnitude was moderate (Table 3) . Since forage cactus is a cactaceous species, its transpiration occurs more at night, when the VPD is lower. In other types of vegetation, of non-cactaceous plants, the air temperature and global solar radiation gain more importance, because they affect the actual evapotranspiration and, consequently, the θ (Wang et al., 2015) .
The spatial-temporal variation of θ was associated with the physical properties along the soil profile. In this analysis, the highest θ occurred in the layers with lower soil density, but with higher total porosity (Figure 2A) . Ramos et al. (2013) explain that, despite the low density of a soil, the higher total porosity indicates the presence of macropores that favor water retention when the tension is low. Under this condition, water distribution along the profile is more uniform, as observed in the present study.
The granulometric characteristic of the soil also influenced θ distribution along the profile, except for the first layer, which responds more rapidly to the irrigation events and to the variability of meteorological conditions ( Figure 2B ).
Conclusions
1. The adoption of different irrigation depths, mulching or intercropping with sorghum did not affect the magnitude of soil moisture under forage cactus cultivation.
2. The lowest variabilities of soil moisture occurred under the conditions of higher water availability, use of mulch and in the deepest layers.
3. The temporal variation of soil moisture was more affected by the alterations of rainfall, while the physical properties were decisive in the vertical variation.
4. Periods with occurrence of rainfall events favor the alternation of resilience improvement practices of forage cactus (irrigation, mulching and intercropping). 
